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Atmosphere
Monitoring Service

he Copernicus Atmosphere Mon-

itoring Service is part of the

Copericus Programme, which

is an EU Programme managed
by the European Commission (EC) and
implemented in partnership with the Mem-
ber States, the European Space Agency
{ESA), the European Organisation for the
Exploitation of Meteorological Satellites
(EUMETSAT), the European Centre for Medi-
um-Range Weather Forecasts (ECMWF),
'EU Agencies and Mercator Océan. The
Programme is aimed at developing a set
on satellite Earth Observation and in-situ

What is the Copemicus
Atmosphere Manitoring Service?
The Copemicus Atmosphere Monitaring Service
provides the capacity to continuously monor
the composition of the Earth’s atmosphere
at global and regional scales. This service
capaoty encomrpasses the description of the
current situation (analysis), the prediction of
the situation a few days ahead (forecast),
and the pravsion of consistent retrospective
data records for recent years {re-analysis).
The service generates geophysical products
which require further technical processing
and varous forms of high level information

to support decsion makers. The main areas
the Copermicus Atmosphere Monitoring Service
focuses on are:

B Air quality and atmaspheric cormposition
B Ozone Layer and uitra-violet radsation;

B Emissions and surface fuxes;

¥ Solar rackation;

H Climate forcing

inNovember 2014, the European Commission
signed a Delegation Agreement with ECMWF
for the mplementation of the service. The ser-
wice became fully cperational from July 2015

What does the Atmosphere
Monitoring Service do?
Typical products provided by the service are:
B Maps and data for regonal air quality
forecasts;
lkwmddruﬁm
B Identification of pollutants and their source;
Bl Pollen concentration levels in the
atmosphere;
B Resources for evaluating possible
emi control
B inputs to local air quality forecasts, health
information and warnings.




Marine Environment

Monitoring Service

he Copermicus Manne Emaren-

menl Moniloring Service is part

of the Copernicus Programme

which i an EU Programens man-

aged by the Eutopean Commmnmon (EC)

and implemented in partsership with

the Mermber States, the European Spacs

Agency (ESAL the Ewropean Organisa-

Hon fer the Exgloitaion of Metecrolog

el Satelites (EUMETSAY), the Evropean

Cantre for medum-range Weather Fore-

Clsls (ECMWF) EU Agencies and Merca

. ter Océan The Progeameme is amed al

"Strvicns based en sateline Earth Obser
\*- ety (oon space) data

Whatiis the Copermicus Marine
Environmgat Meoitoring Service?
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What does the Copernicus
Marine Environment Monitoring
Service do?
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Who can use the Copernicus
Land Monitoring Service?

Aovy €20 o trQaretation around the werld can Mo B
Copermicus Lasd Mosstorng Service on a fee, full and open
aois basek This o o lne with the Cogirmus Programens's
ovirall data and ifarmabion pelacy whsch promotes the e
and sharieg of Copermaus informason and data There is ae
mslrglien &n he ute, M2rodullion & rednlnuton of the
nioomaton ind data

The Copernicus

Land Monitoring
Service is free to
access by any citizen
or organisation in

How our data is being used

Ercp s oo of B McsL sty e d Conieents on the giote,
with e hegent share of Lo g 2 B0 wied for setliormunt,
prochction systiens Inchudey agnculture and forislyy) aed
rifauction Conficing Lnduie Serunds often e, ey
SeCnorr tat will rvohw hard adeoffs

There are several important drivers for land-use change
in Europe:

1 Production of foed and Sbee

2. Production of bucrnuis for bioenergy

3, Carbon storage n land and sod

4. Thw increawng demand for hausng and [hing space
por perion

I admon, [he lnk 260wean srendersd Acimly, NnOsaed
ottty and gowth of rasspan sfrasincture usually resdis
n land ke Land 15 2 Sl resource: how it 5 ued Comaltes
o of the prcipal Stvers for efansrmmenial change, with
SOMSCA Mpacts o0 ecesyslenms and quadity of e i wel i
on he masagerment af green mfrastruciune

Theredore T products and services that he Copermcus Land
Mantonng Service provdes ane noeasngly smgortant Lo best
murady e use of Lnd and 25 impadt

Marry devidopers hawe abready laen adearriage of e Al e
and cpan Cogormaius data 15 Credle Sew rodudts a0d metkarch
0 this evgrtant fuld andd pou Can redd Mo about these a2
htpsiiland cop A fand-uie cases
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An Agrilech start-up from Belarus demonstrates that societal and economic benefits of Copernicus go beyond the borders of the European Union
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Copernicus Sentinel-1

Santsirel-1 provides sll-westher, day ang night rasdar imezsry far
=nd and ocean services. The twin satellites Sentinel-14 and
Santirsl-12 were respectively lsunched an 3 April 2014 and on 25
April 2014

Copernicus Sentingl-2

Santinel-Z providss high-resolution optics] imagery for land
services. [t provides for mample, imszsry of wexetation, soil and
water covar, indand waterways and coastsl aress. Santinel-2 also
delivers information for emerzency servicss, The twin satellidss
Santirel-Z4 snd Santinel-2B were respactively lsunched on 22
June 2015 and on 7 Manch 2017

Copernicus Sentinel-3

Sandirel-2 provides high-scouracy optical, radar snd altimetry data
for marine and land services. It messures varizbles such as s=a-
surface toporraphy, s=3- and land-surfacs tempersiurs, cossn
codawr and lard colowr with high-=nd accuracy and refizbility. The
twin satellitss Sentinal-34 and Sentinel-2B were respeciiesty
sunched on 15 Bebruary 2015 asnd on 25 Apri
2012 EL

mission, while EZ

T op=rates the ssielites and calivers the marins

4 delivers the land mission.

Copernicus Sentinel-4

Santinel-4 will provide data for stmespheric compasiton
monitoring, lts chjective is to monitor key air guslity raos paess
snd asrasols over Europe st hight spatial reshtion with 2 fast
thoourty) revisit time. [t will be 2 paylosd smbarked on EUMETSAT's
Miatecoat Third Gereration (MTZEL which s scheduled to b=
aunched around 2017,




Copernicus Sentinel-5

Sandinel-5 will slso be dedicated to atmaospheric composition

monitoring. 12 will b= 3 pavicad embarked on 5 EUMETEAT s
Miztop S=cond Generstion (Metop-5Z) to be launched in 2021
timeframs. It will provide socurste messurements of key

atmospheric constituents suchi 2= coone, nitrogen diodide, sualphur
dicwice, carban maroxide, methane, formaldefyde, and s=razal
properdes,

Copernicus Sentinel-5P

Sentinel-5 Precursor is 2 sabellite mission lawnched om 13
Octaber 2017, ltis & zao filler mission ziming to provide data
contimaity umtidl the launch of Ss=ntinel-5, the dadicated
stmospheric Copermious missian, scheduled for laumch in 2021,

Copernicus Sentinel-4

Sandinel-& will provide high scourscy sltimetsry far messurine
rlabzl sag-surface heizht, primarily far aperational oo=anozraphy
and for dimate sbudiss. |t is 3 cooperative mission dewvelaoped in
partrership betwesn Eurape (EJ, E5A and ELUMETSAT) and the
U5 (MOAA snd NASAL It i planned for launch in 2020
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Overview of Copernicus programme benefits

From 2008 up to 2020, the tatal imeestments in the Copermcus programme are forecasted to reach ELIR 7.5 hillion, Ower the same period, this mvestrment will generate a benefit
of 13.5 billion {mal counting non-roonetary benelits). This economic salue is generated through the added value created in the vpstream space industry, the sales of Copermious-
based -HI.'lHiEE[iﬂI'IE. by downistream service supgliers and the exploitation of Copemicus-enadled products by end USers in vanosus economic sedtars.

Cumulated impacts over 2008 - 2020

EUR
13.5 billion
Downstrearm and 12,450 job years supported
EUR Er:I:I qu:E:.] @ EUR 3.1 billion in the downstrearn and end
7.4 billion user markets
Lpstream and =0 .
Copernicus EUR 10.3 billion !Eﬂd _15'55‘] jobs years supported
carvices in the upstream
Overall investment Cumulated
in the programme economic benefits

Examples of existing Copernicus benefits

70% Cost reduction of a € 60k ‘early savings for 60%

- each construction Higher accuracy far
precision famming i . i
COMpPany wsing a analysis of the impact of
service In Austria, waork progress trans-boundaries
thariks to Copernicus ' Prog
micnitoring app pollutants on air quality

Copermicus-based
forecasts generate S0%
more benefits to solar
energy producers than
traditional forecasts

50k  Productivity gain
for fish farmers, by

S ronitoring toxic

W a a|gal blooms

Benefits of Copermnicus
on Lhe insurance
market in 2015

#h: Dowrstream and eryd user anabysis mchudes anly 8 value chains Agnoulure, Forestry, Urban Morstonng, Insurance, Ocean Mondonng, Gl & Gas, Renewable Ensrgies and &ir Juality. Estimates for end
ugers wers arly caliulated For esurance, 0il&Gas and Urban Monitering. The estimates of dowrstrearm and end user benefite should b= 1gen as sxpremely contervative bagause they were caliulated barely &
wear after the launch of the first Sentinel satelise, Benafits are likely to increase significantty as mone Sentinels become operational and a5 wsers progresshely discover the programme. In addition, the end
user benefits (which ane bkely to be substanbally larger than the downstream benefits) wene only caloulated for the commerodal users in three value dhains (nserance, GildGas and Urban Monitorngl. Many
usar benels @ non-moredary in nabume and exiremely comgbex 10 Quantify. The aim of this study was 10 hawe the most robust figures in onder 10 show the esistence of the phenamenon rather than

providing am sxact figure (to prevent cverestimation of benefits) -
- bBorapaan | (G‘F:‘Emlc:us

Lomiffl s 6en
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The Copemicus benefits wary batwean the value chains, depending on the relative sige of the domain in the EQ downstream market and the penetration rata of Coparmeus.
Al the sectors considered are forecasted to witness a pasitive evalution of Copermicus econamic mpacts and some value chains are expected to exparience wery high
growth in the corming years (particulady Agriculture, lnsurance and Ocean Maritaring)

Details for 2015 Renewrbie
Agricilture Forestry Lirban Maritaring Iruravice Qoean Momitoring Ol & rerd Energiers Ak Quolity

@ ®®OOD®D®
=)0 0000 :

13.7 6.2 (%) 11 8.6 27 0.2

Percentage of
revenues generated
by Coparnicus {2015)

15 % 12 % 10 % < 1% & % B 10 % 7 %

Copernlcus benefits
up to 200

+ 30 % + 18 % # 1d % + G4 Uy + 43 Uy + 11 %% + T O * 9 U

Eiirisgasan | (ﬂpem|m_ﬁ
Locarricen ket rmoadt | oo U, Meraimiber 2008 - LCarmmiisian rmars rprm Lk



Global satellite-based EO market by geographic area 2015 - 2020
(Source: adapted from Technavio, 2015)

2015: 21%
2020: 24%

T o B3

Global satellite-based EO market by vertical segment 2015 - 2020

al

»

(Source: adapted fram Technavia, 2015)

Defence &
telli Energy
R /ﬁ\ ki
; 20200 5%
.+ 2020 33%
Weather forecast & g Agricult
w82 ) oo
* 2015:11% R/ | 00 on
+ 2020 12%
Location-based
Insurance
pecE m . 2015:6%
* 2015 10% D S
= 2020 5%

€ 2,751 Million:

Global EQ dawnstream market in 2015

€ 632 Million:

European EQ downstream market in 2015

4 Souvte Padhenog, JU2S, Gdar Sotvivie Oased 2o Clasarmadas Mashet. JULE-2000 - Corversan xale A1 S ovorige
rodw: 09017 (Curopeon (vt Sorkd

4 Souvcw FARST, 2015 A Sunvey indo the Siate ored Meardd of the flropaan FO Sanacrs aluely Arepawt by FARSE ancher
ossigrroect fom ESA Sepoeosber 200 S

€ 911 Million:

European EQ Senaces industry (midstream and

downstream| in 2015

Downstream

Other data Value
adding

£O data services
reception & 44%

Satellite
Hardware/Soft operator

ware 16%

- furopean |
Lopwrracun Masat repart | Iviuw 3, Naowrrur 2008 ( Prapacvd By NG Commibasion

Split of
European
Services
Industry
(Source;
adapted from
EARSC, 2015)
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Copernicus, Europe’s eyes on the Earth

Copernicus main applications areas

The Copemicus programme provides data and The present report focuses on  wight
sprvices that support added value in several promising downstream “value chains" or user
non-space domains  The oubpuls al  the seqments ensembles: Agriculture, Forastry, Urban
prograrmme suppeet 2 variety of applications, monitorng, nsurance for natural hazands, Ocean
patentially impading businessss and argarnzations monitorng, Ol & Gas and Minng, Renewables
in day-to-day business and operations, and energies and Air guality ranagement

facilitating deck=san and policy making processes.

Areas using Copernicus data

Agriculture

A0 NG s0il moesture, surface temperature, photasyntnetic

Development & Cooperation
Climate change & Environment : . : :
ot ng level rise, ice melting — Monitoring food Hnntru'ﬂ?semﬁ?na::ln“u;;:l&amrat?:n?nﬂ

e, Forestry
S B Mapping species, monitaring deforestation, illegal logging.

Health

Moenitoring air quality, mapping of potential outhreaks of epidamics et descters. amoartg rek modelln
ar diseases g disasters, supf ] risk P

Insurance & Disaster management

Tourism
Security & Defence Bl bivi bributi
Supparting external actions, peacekeeping operations... ing seascaal tourism Ui, Wtﬂn::rﬂl L“m:“ :F

Transpart Urban planning
Supparting air traffic, drawing shipping routes, monitoding road Maritaring infrastrecture, construction budding urban spras i
safety._..

Owerview of major areas leveraging Copernlcus data and services

Eviragaan | ‘ Gpemim
Loguirricis mhadad el | ks 1, Marmarisr JO0E | Pripdrid By Pel - Lammisgian e =k



Copernicus revenues related to Urban Monitoring
Copernicus’ current enabled revenues in urban monitoring

The revenues of EO Intermediate users’ |Le. downstream service praviders) attributable to
wban monitering are estimated to have amounted to some EUR 455 millicn in 2015!
Accarding to the stakeholders nterviewed, Copernicus generates minemum 10% of their
revenues, leading to a conservative estimate of the Copernicus-enabled revenues of
EUR 4.6 million in 2015 for downstream providers To obtain a maxdmum estimate,
we run the same calculations with the GiS market for urban monitoning and obtain a EUR
6.7 milbon Copernicus-enabled reverwe. In addition, we follow a study from CISCO? which
estimates that investrment in Srmart Gties produces & 25% return on investment, Under
such assumption, the benefits for end users (ie. the municipalities) would represent
between EUR 1.1 and 1.4 milbon

Copernicus’ projected contribution to global and European revenues in
urban monitoring

The EQ market for Urban Monitoring is expected to grow by 17% every year from 2015
to 2020 Assuming a constant share of Copemicus-enabled revenue (1086), a

Copemnicus-

conservative estimate of the expected value of Copernicus data by 2020 Is around
EUR 12,6 million This ncludes EUR 99 million for intermediate sers and EUR 2.5 EOinterm. . Copernicus=  GIS Interm.  — oy d
milion of end user benefits. However, Copernicus data will likety grow In Importance, (In EUR users enabled users revenues for
notably with the operations of Sentinel-3 is expected o provide land-surface miftion)  revenues revenues for EO  revenues
GIS interm.
temperature, for UM Interm. users for UM s
Current and prospective revenues enabled by Copernicus in Europe
for Urban Monitoring (intermediate/downstream and end users) ans S o e LA
Extramohted 2020 987 99 1044 104
2 129 buneftn Conservative estimate  Optimistic estimate of
= s o (in EUR millie)  of Copernicus benefits  Copernicus benefits for
B - for end users end users
,‘ S a - TAsTYn ) 248 - 2 o y - ——— g
P o 2015 11 14
[ 2020 25 26
— An increase of the number of urban monitoring users s forecast in the
2018 2018 217 2012 aHe A0 coming years. Copernicus Climate Change Service (C35) will soon
disseminate products dedicated to cities that will enable planners to montor
the environmental impact of cities, increasing the number of users of EO data for
Sowre: The report on the Copemicus downstreom sector and end wser sustanable development purposes. Sentinel-3 and Sentinet-SB data will also be
benefits, prepared by PwC for the Euvopean Cormvmssion, October 2016 key to the development of envircnmental applications.

FEARSC (20150 A avvey v the Siate ong Kaoth of the Samoeso B0 Senwoes iog\stry. Papsved by SARSC wngier

SSRgYnen frace £53, Seasemoy 2015 1000 I
S Cisce, JUI4 Sevort ond coammeriv commrmuniies, Sakatans Sor o Severt cxy SMVEA - Exropain ' OpemlCUS

P ot Ml e diih st § hbsn & M i AR & Bt s 0 Lammissen
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Copernicus contribution to Ocean Menitoring related activities

Copernicus current enabled revenues In Dcean Monitoring

Based on a sample of semvice prowiders covering a wide range of applications
{coastal protection, marine beodrversity, suppart to aquaculture, mapping of marne
profected resources, eic|, Copernicus current enabled revenues are estimated

to account for 6% of the intermediate users' revenues for ocean The “INDESO" programme (infiostuciure  Development of  Space
monitoring, representing EUR 5.8 to 8.6 million. The current enablad revenues Deegnogrophy) affers an integrated salutian to the chollenge af monitoring ond
directly attriutable to Copemicus may appear to be, at this stage, quite low but the sustoinoble  management of the manne respurces i the  Indonesian
sudy was perfarmed enly & year after the launch al the First Sentinel satellite. The archipelogn.

economic impact of Copernicus is expected te grow extremely quickly, up te

EUR 58 million in 2020, in particular thanks to the Sentinel-3 missans. in addition, The progromme afres of establishing o monogement centre for marine
these estimates do mat include the bemsfits far the end usess {eq. fishermen), but respurces thol will enobile 1o predicl chomges in fishery resawces, fostenng o
anly for the intermiediate users (the downstream service providers). sustolnoble use of marine respurces i indonesio while  preventing

wnsestomable or legol practices It imvaives same of the mojor ployers of the
downstreamn market such as LS end Mermmtor Ooeom,
EOQ interm, Copemicus GIS interm., Enabled

i ELR user enabled user revenues for Marg than 25 satellites growide the INDOESD centre with dota o o daily busis. It
millicr!  FEVENUES revenues for ED reveEnues GIS interm, recerves infarmotion fram the Copemices Morne Emviranment Momitonng
for OM interm, users for OM USETS Senace The centre s planning on wsing dota from Sentinei-3 & order to
measwe seo-suface topography and temperaie od goean saTaoe oo

2015 10319 58 1541 86 with bigh oeeurpey ard relisbility,

2020 117 Fgs 2433 S8

Copernicus projected contribution to the glebal and European

Current and prospective revenues enabled by Copernicus in
Europe for Ocean Monitoring downstream service providers

révenues in Dcean Manitenng

90% af the stakehalders’ interviewed have indicated that they anticipate an
- S increase in the enabled revenues directly attibutable to Copemicus, to come
K mam rrainly following the [sunch of Sentinel-3. The aceuracy, high resolution and
Al 28 o bid repetitiveness of Sentinel-3 data will allow VAS companies to gradually
. e use It instead of private satellite data this will cause an important
x decrease of production costs as well as an Improvement of the quality of
= a0 the products delivered Service providers therefare antiopate a facilitated
S a3 27,0 market penetration 0 arder to reach additional clients in a period from 5 to 10
= Biniral years The integration of Sentinel=3 data will also foster the development
<0 sstimate of new products to menitor marine biodiversity for example The creation of
in a1y, Dearwais these products will boest the competivenass of the VAS companies and will have
" Y an impact on the distribution of the mardeat, with a higher proportion of private

2015 IME BT 304R i 300 LISETS,

Year

Sourre: The repodt on The opeminus douwnstrerm sechor and emd user henafits,
prepared by PeC for the Eurnpeon Commwssian, Ootober 2015
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Copernicus revenues related to the Renewable Energies sector

Copernicus current enabled revenues in the Renewable energies
sector

Based on a sample of EQ service providers covering a wikie range of renewable

energy applications, Copernicus current enabled revenues are estimated to EO Copernicus Copernicus
account for 8% of the revenues of Intermediate users (Le. the intarm. enabled O'° interm. —  bled
downstream providers), representing EUR 1.8 to 2.7 millien, This could (in EUR users
rise up to EUR 4.2 million in 2020, The current enabled revenues directly mifion;  USers  revenues for . revenues for
revenues EO interm. GIS interm.

attributable to Copermnicus may appear to be, at this stage. quite low but the study for RES' for RES
was performed at an early stage of the Copermicus programme (only one year 2 e S
after the launch of the first Sentinel satellite) and the estimates are voluntarity
extremely conservative. In addition, these estimates do not include the benefits for 2015 227 18 334 27
the end users (e.g. the energy producers), but only for the ntermediate users (the

el A : ’ - 2020 305 24 52.2 42

downstream service praviders)

Current and prospective revenues enabled by Copernicus in
Europe for Renewable Energies downstream service providers
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Sowte: The repovt an the Copermycus downstreomn sector and end wser benefits,

preapared by pﬂffu' the fwmu" Cornmyssion. October 2016 ¢ Source EANST (A1AL A saveety vt S S0ty and Aeoii of e Eurtpwon 20 Sevvces iy frepond dy SAREC under axignae froem
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Copernicus revenues related to Air Quality management

Copernicus current enabled revenues in Air Quality management

In 2015, the revenues in the field of Air quality are estimated to be of EUR
0.36 million for EO companies. According to cur stakehelder consultation,
Copemicus data represents between 7% of the data used Thus, in 2015, revenues
enabled by Copernicus in the field of air quality can be estimated to be around EUR
25000 [minimal estimate). To obtain a maximum estimate, we run the same
calculation using the GIS market for Air quality as a basis (EUR 2.67 million in
2015). This yelds a Copemicus-enabled revenue for the Ak quality downstream
service providers of EUR 019 million. The current enabled revenues directly
attributable 10 Copemicus may appear to be, at this stage, quite low but the study
was performed at an early stage of the Copermicus programme (only one year after
the launch of the first Sentinel satellite) and the estimates are voluntarity extremely
consenvative,

Though they were not quantified here, benefits for end users {e.g. municipalities or
citizens) also exist, Unked to the impact of air poliution such as sick leaves, healthcare
costs etc.

Current and prospective revenues enabled by Copernicus for
Air Quality downstream service providers

05 Extrapolated
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benefits
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Source: The report on the Copernicus downstroam sector ond end user berefits,
pvepoved by PwC for the European Comwission, October 2016
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t\» ‘) Air Quality
EO Copernicus Copernicus
interm. enabled s intcrm. enabled
(in EUR R users
mitliory  4S@rS revenues for Yeiian revenues for
revenues EO interm. GIS interm.
for AQ
for AQ” users users
2015 0.36 003 267 0.19
2020 054 0.06 418 042

Copernicus projected contribution to the global and European
revenues in Air Quality management

The Air Quality monitoring market is expected to grow at a rate of
8.5% per annum from 2016 to 2021% while the relative importance of
Copemicus will also grow. By 2020, we estmate the Copernicus-enabled to
range between EUR Q.06 and 0.42 million in 2020,

Indeed, the penetration rate of the municipalities market should rise. Then,
mare players are expected to buy Air Quality forecasts such as insurance
companies (as input data for nsk models) A quality forecasts and Copernicus
data on pollen and UV could be uwsed in applications for health by
muncipalites, citizens or health mutual funds. A diversification of the
geographic provenance of the users 5 also expected. Most of the VAS
companies consulted are anticipating a significant Increase of their extra-
European sales of Copemicus-based products in the coming years and already
have carried out aperational projects in countries cutside of Europe

¢ Movketsandmariats. 2025 Al Quaiity Moiitaning Marke? &y Frocuct (Faed Gas, Fomabe, Dust &
Fortitulote Montor, AQM Stohenl, Podlomn (hemicol Myl iogicoll, fnd User (Goverrament
Commenoa & Resigential Petrochomaal Fhammacewdioal) - Foreco o 2021
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